. The purification of these labeled viruses used a procedure described previously (15) for vesicular stomatitis virus (Indiana serotype).
Sindbis virus serotype was authenticated by plaque neutralization tests using a Sindbis antiserum.
For the preparation of [methyl-3H ]methioninelabeled Sindbis virus, confluent monolayers of BHK-21 cells in two roller bottles (containing approximately 4 x 10' to 5 x 10' cells) were infected with virus (10 ml/bottle) at an input multiplicity of approximately 1 PFU/cell. After an adsorption period of 60 min at 37 C, 90 ml of medium was added to each roller bottle. The medium (Eagle minimal medium [5] plus non-essential amino acids) contained 3 Ag of methionine per ml (20% of the normal level) and 10 mCi of [methyl-3H]methionine (11.5 Ci/mmol; final methionine specific activity, 2.5 Ci/mmol) and was supplemented with unlabeled adenosine and guanosine to diminish labeling of the purine rings (4) . The medium also contained actinomycin D (0.5 gg/ml). The roller cultures were incubated at 37 C, and virus was harvested 24 h later and purified as described elsewhere (21, 23) .
Extraction and purification of labeled RNA; nuclease, phosphatase, and alkali digestion conditions; base ratio analyses; resolution of oligonucleotides by DEAE-cellulose column chromatography. The procedures used for extraction of labeled viral RNA and its subsequent purification through 4%c agarose column chromatography have been described (9) . Pancreatic RNase and/or RNase Tl or alkali digestion of RNA and resolution of the derived nucleotides by DEAE-cellulose column chromatography at pH 8.0 in 7 M urea have also been described (9, 17) . Nucleotides were recovered from column eluants by barium precipitation as described previously (9) . Base ratios of RNA were determined after paper electrophoresis of alkali-treated RNA samples (9, 18) . RNase T, digestion involved treating an RNA sample in 1 ml of 0.05 M sodium acetate buffer, pH 4.5, containing 2 mM EDTA with 2 U of RNase T, and incubating the mixture at 37 C for 60 min. Alkaline phosphatase digestion of nucleotides involved incubating a sample in 1 ml of 0.01 M Tris-hydrochloride buffer, pH 8.0, 0.001 M MgCl, with 3.5 U of alkaline phosphatase at 37 C for 30 min. The venom phosphodiesterase digestion involved incubation at 37 C for 4 h in 100 Al of 0.02 M Tris-hydrochloride buffer, pH 7.4, containing 0.005 M NaHPO4 and 1 U of enzyme.
Acid hydrolysis and paper electrophoresis or chromatography of nucleosides and nucleotides. RNA was subjected to acid hydrolysis (1 N HC1, 100 C for 45 min), the HCl was removed by lyophilization, and the residue was dissolved in 25 A1 of 0.05 M ammonium formate buffer (pH 3.5) and subjected to paper electrophoresis at 3,000 V for 3 h using a 110-cm strip of Whatman no. 3 MM filter paper. Paper chromatography employed alkaline system 4 of Littlefield and Dunn (10) .
RESULTS
Base ratio and molecular weight estimates of Sindbis viral RNA. A preparation of 32p_ labeled Sindbis viral RNA was subjected to alkali digestion, and the products were resolved by paper electrophoresis at pH 3.5 to determine the nucleotide composition (9, 18) . A base ratio of 27.7% AMP, 24 .6% CMP, 25.7% GMP, and 22.0% UMP was obtained.
To estimate the molecular weight of Sindbis viral RNA, a sample of [3H ]cytidine-and
['H juridine-labeled RNA was co-electrophoresed on a 1.8% polyacrylamide gel together with a sample of "2P-labeled vesicular stomatitis virus Indiana viral RNA (Fig. 1A) mixed with a sample of "P-labeled vesicular stomatitis virus Indiana viral RNA. Sodium dodecyl sulfate was added to give a final concentration of 0.1%, and the mixture was loaded onto a 1.8% polyacrylamide gel (2) and subjected to electrophoresis at 10 mA for 1 h. After electrophoresis, the gel was frozen on dry ice and sliced with a C02-freezing microtome. The 1-mm slices were dissolved in 0.5 ml of 30% (vol/vol) H,02 at 60 C overnight. The solubilized material was counted in a liquid scintillation cocktail consisting of Triton and toluene (7) . (B) [methyl-'H]methionine-labeled Sindbis virus was subjected to phenol extraction, and the RNA was centrifuged on a sucrose density gradient (see Materials and Methods). Thirty 0.4-ml fractions were collected, and the absorption at 260 nm and content of label were determined. The label observed at the top of the gradient probably represents high-specific-activity tRNA species. It has not been examined further. The arrows indicate the positions of 18S and 28S rRNA species run in a parallel gradient. VOL. 17, 1976 dition of 0.1 ml of saturated BaCl, and 5 volumes of alcohol (9, 17) . After recovery by centrifugation, the nucleotides were converted to their hydrogen form using Dowex 50 (H+) ion-exchange resin and redigested with alkali to hydrolyze residual oligonucleotides, which had survived the initial digestion (9) . Each hydrolysate was again monitored for tritium exchange (9) (Fig. 1B) was mixed with 7-methylguanosine (50 nmol) unlabeled RNA (100 ug) and then subjected to acid hydrolysis, followed by paper electrophoresis at pH 3.5 ( Fig. 3) . By comparison to the markers derived from the hydrolysis (adenine and guanine or the pyrimidine nucleotides, cytidylic and uridylic acids) or the added pGp, the majority (71%) of the 3H labeled was recovered in a spot comigrating with 7-methylguanine wPig. 3).
Minor amounts of label that migrated with adenine (9%), guanine (5%), and the nucleotide residues Cp (3%) or Up (5%) may represent the intracellular conversion of the methyl group of methionine into bases or other residues. They were not investigated further. A sample of RNA was similarly digested with acid and theThsubjected to paper chromatography in system no. 4. In this system, as noted above, nucleotides and ribose phosphate remain exactly at the origin; guanine and methylguanine derivatives (such as 7-methylguanine) move as a group slightly off the origin, whereas adenine and methylated adenine derivatives move considerably further and are reasonably well resolved (3 IB) was subjected to acid hydrolysis (1 N HCI, 100 C, 45 min). After removal of the HCI by lyophilization, the residue was dissolved in 25 ,l of 0.05 M ammonium formate buffer, pH 3.5, spotted at the center of a 110-cm length of Whatman no. 3 MM paper, and subjected to electrophoresis at 3,000 Vfor 3 h. For standards, 100 Jig of unlabeled RNA and 50 nmol of 7-methylguanosine were added prior to hydrolysis, and 100 nmol'of pGp was added after hydrolysis. The positions of the 7-methylguanine, guanine, adenine, cytidylic acid, uridylic acid, and pGp were identified by their UW absorption. The distribution of 3H label was determined. The recovery of label shown equalled that applied to the paper. In (B), a 5' nucleotide fragment obtained, as described in Fig. 4 , by RNase T. digestion of [methyl-3H]methionine-labeled purified 42S Sindbis viral RNA was subjected to acid hydrolysis and similarly separated by electrophoresis. The positions of N' adenine (N' Ade) and other markers were identified by their UV absorption. labeled Sindbis viral RNA was treated with RNase T2 and subjected to DEAE-cellulose colum-n T cromatography. Seventy-seven nercent of the label was recovered with the trinucleotide isoplith, whereas MZT/o eluded with the mononucleoti-des (as expected from the result's described above). The material elutin with the trinucleotides was record, danlqiian ot was subjected aolsis and resolved by electrophoresis at pH 3.5 ig. 3B). Ninety-two percent of the label was recovered as 7-met guanine less than 1% ran with adenine(o iNkrnethyladenine), 5% of the label remained on the origin, and less than 2% migrated towards the anode. Since the recovered radioactivity accounted for essentially all of the label applied to the paper, these results indicate that there was only one methylated component in the terminus, namely, 7-methylguanosine. Treat were associated with Nm residues.
We conclude that, when 3H is incorporated into Sindbis 42S viral RNA from [methyl3H~methionine, the label is mostly present in a single methylated component (7-methylguanosine), possessing exposed 2' and 3' hydroxyl groups, and that in the terminus essentially all the label resides in 7-methylguanosine. Since Sindbis is believed to possess a 3'-polyadenosine sequence (6) (Fig. 4, inset) . It is known that 7-methylguanosine is positively charged at the 7-position. Upon alkali treatment there can be a scission of the imidazole ring to give some 2-amino-4-hydroxy-5 (N -methyl)formamido -6 -ribosyl -amineaminopyrimidine (> m7G), which lacks the positive charge at the N-methyl position. Consequently, with the removal of a positive charge by alkali treatment, a nucleotide that originally contained 7-methylguanosine would be expected to yield a structure with greater net negative charge. This concurs with the observations made in these experiments (Fig. 4) .
The terminal [3H ]adenosine-, [32P ]phosphate-labeled nucleotide isolated by T2 digestion, described above, was rechromatographed, and the indicated fractions were collected, treated with alkaline phosphatase, and then rechromatographed (Fig. 5) . After the phosphatase treatment, three-quarters of the phosphate and all of the 3H label were recovered in a single peak eluting just after the mononucleotides. The rest of the 32p was recovered in a broad peak eluting just before the mononucleotides, as expected for free phosphate released by the enzyme treatment.
Taken together, all these results suggest that the terminal sequence of Sindbis viral RNA is m7G5'pppAp which, after isolation by RNase T2 digestion, elutes with the trinucleotides (Fig. 4) , but upon alkali treatment (giving >m7G5'pppAp, where >Mm7G represents the broken guanine imidazole ring) the fragment elutes between the tri-and tetranucleotides (Fig. 2) . The results are also consistent with the removal of only one phosphate by phosphatase treatment (to give m7G5'pppA or > m7G5'pppA, respectively).
Identification of the penultimate nucleotides. A preparation of 32P-labeled Sindbis viral RNA was treated with pancreatic RNase, the digest was resolved by DEAE-cellulose chromatography (Fig. 6) , and each indicated area of the chromatogram was recovered, treated with alkali, and rechromatographed to see which contained the 5' sequence (Fig. 6) . It was found that only the tetranucleotides contained the sequence and, since it contained one charge greater than the T2 nucleotide (Fig. 4  and 5) , it was concluded that the pancreatic RNase-derived sequence was m7G 5'pppApPyp. Cellulose column chromatography of a pancreatic RNase digest of 32P-labeled Sindbis RNA. 32P-labeled Sindbis RNA (107 counts/min) plus 3 mg of chicken embryo fibroblast RNA were digested with pancreatic RNase and resolved by DEAE-cellulose column chromatography (upper). The indicated fractions were pooled, and the nucleotides were recovered and digested by alkali. These digests were then chromatographed at pH 8.0 with marker nucleotides derived from a pancreatic RNase digest of 1.5 mg of chicken embryo fibroblast RNA (lower). The recovery of 32P in the trinucleotides resulting from the alkali digests of pool 1 was equivalent to 4.0 mol of phosphate per mol of original RNA.
viral RNA was treated with RNase T, and the digest was resolved by DEAE-cellulose column chromatography. As before, the designated nucleotide pools were recovered, and an aliquot of each was treated with alkali and rechromatographed to identify which contained the 5' fragment (Fig. 7) . Only the pool 3 nucleotides were found to contain the terminus. When the rest of the pool 3 nucleotides was rechromatographed on DEAE-cellulose at pH 8.0 with a pancreatic RNase digest of chicken embryo fibroblast RNA for marker nucleotides, it was found that the labeled material eluted in a position corresponding in charge to the pentanucleotides of the pancreatic digest of chicken embryo fibroblast RNA. Since this was one charge greater than the pancreatic RNasederived sequence (Fig. 6) , it was concluded that the sequence of the fragment was m7G5 'pppApPypGp.
To identify the pyrimidine nucleotide and confirm the presence of 7-methylguanosine, a sample of purified 3P-labeled Sindbis viral RNA was digested with pancreatic RNase, the tetranucleotides were recovered and redigested with RNase T1, and the residual tetranucleotides were again recovered. It was expected that these tetranucleotides would contain the sequences ApApApCp, ApApApUp, as well as the Sindbis 5' nucleotide (m7G 5 pppApPyp). This was confirmed by both alkali digestion (see Fig.  2 ) and by DEAE-cellulose column chromatography at pH 3.5 (which separated ApApApCp from ApApApUp; data not shown). methylguanosine possesses a pK of 7.1, the tetranucleotides were resolved (together with optical quantities of a pancreatic RNase digest of chicken embryo fibroblast RNA), using DEAE-cellulose and a gradient of 0.05 to 0.30 M LiCl in 7 M urea, 0.01 M Tris-hydrochloride buffer (pH 6.0). A small peak of radioactivity was eluted after the trinucleotides but before the tetranucleotides (Fig. 8) . Alkali Since no tritium exchange with water was detected in these digests (unlike the alkali treatment), we consider these molar ratios more reliable than those of the alkali digests reported in Fig. 2 
